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D28C, a condition under which the brain oxygen demand
also increases. A higher ACP flow rate may be needed to
provide sufficient blood flow to the brain at higher ACP tem-
peratures. An understanding of the flow characteristics of
ACP methodology under moderate and mild hypothermia,
including the influence of vascular autoregulation, is needed.
References
1. Pigula FA, Nemoto EM, Griffith BP, Siewers RD. Regional low-flow perfusion
provides cerebral circulatory support during neonatal aortic arch reconstruction.
J Thorac Cardiovasc Surg. 2000;119:331-9.
2. Andropoulos DB, Stayer SA, McKenzie ED, Fraser CD Jr. Novel cerebral phys-
iologic monitoring to guide low-flow cerebral perfusion during neonatal aortic
arch reconstruction. J Thorac Cardiovasc Surg. 2003;125:491-9.
3. Goldberg CS, Bove EL, Devaney EJ, Mollen E, Schwartz E, Tindall S, et al. A
randomized clinical trial of regional cerebral perfusion versus deep hypothermic
circulatory arrest: outcomes for infants with functional single ventricle. J Thorac
Cardiovasc Surg. 2007;133:880-7.
4. Visconti KJ, Rimmer D, Gauvreau K, del Nido P, Mayer JE Jr, Hagino I, et al.
Regional low-flow perfusion versus circulatory arrest in neonates: one-year neu-
rodevelopmental outcome. Ann Thorac Surg. 2006;82:2207-13.
5. Rastan AJ, Walther T, Alam NA, Daehnert I, Borger MA, Mohr FW, et al. Mod-
erate versus deep hypothermia for the arterial switch operation- experiences with
100 consecutive patients. Eur J Cardiothorac Surg. 2008;33:619-25.
6. Klaessens JH, Hopman JC, Liem KD, van Os SH, Thijssen JM. Effects of skin on
bias and reproducibility of near-infrared spectroscopy measurement of cerebral
oxygenation changes in porcine brain. J Biomed Opt. 2005;10:44003.
7. Heymann MA, Payne BD, Hoffman JI, Rudolph AM. Blood flow measurements
with radionuclide-labeled particles. Prog Cardiovasc Dis. 1977;20:55-79.
8. GreeleyWJ, Ungerleider RM, Smith LR, Reves JG. The effects of deep hypother-
mic cardiopulmonary bypass and total circulatory arrest on cerebral blood flow in
infants and children. J Thorac Cardiovasc Surg. 1989;97:737-45.
9. Rudy LW Jr, HeymannMA, Edmunds LH Jr. Distribution of systemic blood flow
during cardiopulmonary bypass. J Appl Physiol. 1973;34:194-200.
10. Hales JR. Radioactive microsphere measurement of cardiac output and regional
tissue blood flow in the sheep. Pflugers Arch. 1973;344:119-32.
11. Chakravarti S, Srivastava S, Mittnacht AJ. Near infrared spectroscopy (NIRS) in
children. Semin Cardiothorac Vasc Anesth. 2008;12:70-9.
12. Daubeney PE, Pilkington SN, Janke E, Charlton GA, Smith DC, Webber SA. Ce-
rebral oxygenation measured by near-infrared spectroscopy: comparison with jug-
ular bulb oximetry. Ann Thorac Surg. 1996;61:930-4.
13. DeCampli WM, Schears G, Myung R, Schults S, Creed J, Pastuszko A, et al. Tis-
sue oxygen tension during regional low-flow perfusion in neonates. J Thorac Car-
diovasc Surg. 2003;125:472-80.Discussion
Dr Randall Griepp (New York, NY). I have no financial disclo-
sures. Dr Sasaki, I congratulate you and your colleagues on
addressing the issue of optimizing perfusion during pediatric car-
diac surgery. I have a number of comments, criticisms, and ques-
tions, but I do have a soft spot for my colleagues from my former
alma mater, so I will be as tactful as possible.
In optimizing perfusion, what we are really looking at is cerebral
protection and survival of the animals with normal neurologic func-The Journal of Thoracic and Cation. Why not develop a survival model, wake the animals up and
make sure that you haven’t injured them?
Dr Sasaki. In this study our main focus was comparing blood
flow under conditions of ACP with that under standard CPB. The
relationship between the 2 bypass techniques has never been estab-
lished. We didn’t choose a survival model for this study, but in the
future we plan to do so to investigate cerebral histology after ACP.
DrGriepp.The cerebral metabolic rate for oxygen is affected by
the pH of the perfusate and whether you use selective cerebral per-
fusion or CPB. Why not cannulate the sagittal sinus so you can get
a reasonable estimate ofmixed venous saturation from the brain, and
then you can calculate CMR02 and determine whether CMR02 is
changing under the circumstances of your experiment?
Dr Sasaki.We agree that we may see more accurate values from
sagittal sinus sampling. But in our piglet models we use very small
animals (3–4 kg), so the available area is very small and there is
limited space for multiple monitoring devices. We were primarily
interested in bilateral NIRS monitoring for this study, so we didn’t
collect the samples from the sagittal sinus. Instead, we collected ve-
nous samples from the left jugular vein and calculated oxygen me-
tabolism.
Dr Griepp. Okay, but it’s troubling to hear pediatric surgeons
say that the blood vessels are too small to work with. The final ques-
tion has to do with the issue of autoregulation and pH of the perfu-
sion. There is reasonably good experimental evidence that use of
pH-stat when cooling animals in preparation for hypothermic circu-
latory arrest improves cooling, and there’s some clinical evidence
to suggest that pH-stat under those circumstances is preferable.
However, under the circumstances of continuous selective cerebral
perfusion, I do not believe there is any experimental evidence, or
any clinical evidence, that pH-stat is preferable. We have shown
in a similar model that pH-stat and alpha-stat differ profoundly,
and the pH-stat clearly destroys autoregulation at these tempera-
tures. The excessive cerebral flow increases intracranial pressure
and cerebral metabolic rate for oxygen and undoubtedly increases
the potential for microemboli because the flow is much greater
than that needed for oxygen delivery. Why use pH-stat continuous
selective cerebral perfusion? Why not use alpha-stat under these
circumstances?
Dr Sasaki. We followed our institutional protocol, which pre-
cluded survival for these studies. Our surgeons use pH-stat during
cooling, so we’d like to reproduce the clinical situation as much as
possible in the piglet model. As youmentioned, it’s still a controver-
sial problem regarding optimal blood gas management during se-
lective cerebral perfusion, so I think I also need to do another
kind of experiment focusing on optimal blood gas management
in the next step. In this study, wemanipulated a number of variables
and anticipate exploring alpha-stat in the future.
Dr Griepp. Once again, I congratulate you and your colleagues
for approaching these important but difficult questions.rdiovascular Surgery c Volume 139, Number 3 535
